Abstract Community-dwelling HIV/AIDS patients in rural Alabama self-monitored (SM) daily HIV risk behaviors using an Interactive Voice Response (IVR) system, which may enhance reporting, reduce monitored behaviors, and extend the reach of care. Sexually active substance users (35 men, 19 women) engaged in IVR SM of sex, substance use, and surrounding contexts for 4-10 weeks. Baseline predictors of IVR utilization were assessed, and longitudinal IVR SM effects on risk behaviors were examined. Frequent (n = 22), infrequent (n = 22), and non-caller (n = 10) groups were analyzed. Non-callers had shorter durations of HIV medical care and lower safer sex self-efficacy and tended to be older heterosexuals. Among callers, frequent callers had lost less social support. Longitudinal logistic regression models indicated reductions in risky sex and drug use with IVR SM over time. IVR systems appear to have utility for risk assessment and reduction for rural populations living with HIV disease.
Introduction
HIV rates have been declining or stabilizing for many populations and geographic regions in the United States. In the Southeastern United States, however, HIV incidence and prevalence have been rising, particularly among persons of color [1] . Seven states with the 10 highest AIDS rates in the U.S. are located in the South, and in 2002-2006, two-thirds of all persons living with HIV/ AIDS were residing in the South [2] . Proportionally greater increases in Southeastern HIV prevalence have been found for persons living in rural versus suburban or urban population centers [3] . Geographic isolation and poverty contribute to the endemic lack of medical and mental health care in the rural South, even in relation to their Southern urban counterparts [1, 4] . Alternative lifestyles associated with HIV disease remain highly stigmatized in this region.
Most research on HIV transmission patterns and effective HIV interventions has been conducted in urban and suburban settings [5] , and findings may not generalize well to rural minority populations with limited economic resources and different social networks. Relatively little is known about risk and protective behavior patterns among rural HIV populations, including patterns of substance use, sexual practices, and associated social and economic contexts, or about rural high risk groups that engage in multiple risk behaviors such as substance use, unprotected sex, and transactional sex. This information is essential for the development of targeted treatment and prevention programs across the spectrum of HIV intervention opportunities that are population sensitive and specific.
Sound measurement of HIV-relevant risk, protective, and contextual factors is fundamental to the development of effective risk reduction programs for rural risk groups. Automated telephone-based Interactive Voice Response (IVR) systems have been used effectively with a wide range of at-risk community and medical patient groups and appear promising for use with rural, disadvantaged persons living with HIV/AIDS [6] [7] [8] . The vast majority of the U.S. population has phone access, including in rural areas, and IVR systems offer a telecommunications platform that can reach from the clinic into the community to expand the reach of care at relatively lower cost than face-to-face (FTF) intervention programs.
IVR systems can be made available over long periods and are well suited for use with chronic conditions like HIV/AIDS for health and risk monitoring, relapse prevention, and rapid treatment re-entry when needed. Caller responses are private, and IVR systems are well received by end-users, who often provide more complete reports of sensitive information to IVR systems compared to FTF interview methods [6] [7] [8] . Event-level IVR data can be collected prospectively to investigate sequences of risk patterns involving substance use, risky sexual practices, and the surrounding contexts [9] , which remains a vital research area for effective prevention planning.
IVR self-monitoring (SM) can have beneficial reactive effects in reducing target risk behaviors, at least for a time [7, 10] . Such reactive effects are undesirable for some research questions and can be minimized, e.g., by tracking multiple behaviors simultaneously and by collecting reports daily so that prior entries are not known and reports cannot be completed for a week or more at a time [6, 8, 10] . In other applications aimed at facilitating behavior change, focused self-monitoring of specific risk behaviors can serve as an assessment tool as well as function as an intervention by promoting reductions in the monitored risk behaviors [8] .
These features make IVR SM appealing for use with disadvantaged persons living with HIV/AIDS in underserved rural areas with a low density of health care providers, poor transportation options, and other constraints due to poverty, low literacy, and inadequate insurance coverage. As an important first step in understanding this population's unique risk profile and offering them appealing telehealth services, the present study provided community-dwelling HIV/AIDS patients in rural Alabama access to IVR SM for 4-10 weeks to report their substance use, sexual practices, and social and economic contextual variables related to HIV-risk. The study had two main goals: (1) to evaluate predictors of IVR engagement and utilization derived from behavioral, psychosocial, and health risk domains assessed before the start of IVR SM; and (2) to evaluate longitudinally whether engaging in IVR SM had positive reactive effects in reducing key risk behaviors over time (i.e., alcohol and drug use, risky sex).
Consistent with earlier theory and research on selfmonitoring [8, 11] , we viewed the IVR system as a method for self-observation that could support self-regulation of risk and protective health behaviors and promote self-care. Based on prior research [7, 10, 11] , IVR utilization was expected to vary across participants, with greater utilization associated with younger age, higher education, and mastery in handling illness, including longer durations of HIV medical care and engagement in other forms of selfcare and self-protection. Other individual difference variables associated with HIV risk were also evaluated on an exploratory basis, including substance use, impulsivity, social network characteristics, and self-efficacy expectations to engage in HIV protective behaviors. Longitudinal trajectories of alcohol and illicit drug use and risky sex were modeled across the IVR interval to determine if greater engagement in IVR SM had beneficial reactive effects in reducing these risk behaviors.
Methods

Sample Recruitment and Characteristics
Participants were clinic patients living with HIV/AIDS who were receiving medical care when recruited from the Health Services Center (HSC), a non-profit community-based organization that is the only provider of HIV/AIDS care in a 14-county, 9,000 square mile area in northeastern Alabama. Participants were recruited by flyers and word of mouth for a study of their risk and health behaviors using interview and telephone assessments. Eligibility criteria included: (1) age C 19 years (the age of majority in Alabama); (2) reported use of alcohol or illicit drugs and sex with a partner within the past 3 months (in order to obtain sexually active substance users, the high risk target population for HIV risk reduction programs); (3) no health problems that precluded participation (e.g., dementia, psychosis); (4) were not living in the HSC Hospice or other residential facility (e.g., inpatient substance abuse treatment program) and were not taking any medication (e.g., disulfiram, methadone) that would substantially constrain opportunities for engaging in the risk behaviors of interest; and (5) had daily phone access.
About half of the 109 screened respondents were eligible, and 91.5% of those eligible (54/59) were enrolled in either an initial pilot study that involved 28 days of IVR SM (n = 8) or in the main study that involved 70 days of IVR SM (n = 46). The methods in the pilot and main studies were very similar except for the length of the IVR SM interval. Figure 1 presents a flow diagram of the procedures, including sample enrollment and IVR assessment. The sample was 65% male, 43% African American, and 78% had personal incomes \ $10,000/year (see Table 1 ). The mean age was 38.4 years (SD = 9.5), and the mean educational level was 10.9 years (SD = 2.4). Most participants were unemployed, unmarried, and heterosexual, although a sizeable minority was variously lesbian, gay, bisexual, transgender, or questioning.
The study was approved by the University Institutional Review Board and covered by a federal Certificate of AIDS Behav (2012) 16:432-440 433 Confidentiality. All participants gave written informed consent and were reimbursed using University-issued Visa TM debit cards ($35 for baseline interviews and IVR training; $15 for follow-up interviews; $25 bonus for completing all data collection [main study only]).
Interview Assessments Initial 1.5-2.0 h individual interviews were conducted by a trained research staff member at safe community or clinic locations or at participants' homes. An expanded Timeline Followback (TLFB) interview was used to assess drinking and other drug use [12] , sexual behaviors [13] , and money spent on alcohol and other commodities [14] . The TLFB uses recall aids (e.g., calendars, anchor events) to structure daily retrospective reports of risk behaviors for up to a year and has sound psychometric properties [12] . The baseline interview covered the past 3 months to verify eligibility and to assess predictors of subsequent IVR utilization. Participants were interviewed again at the end of the IVR interval covering the time elapsed since baseline to check on the consistency of IVR reports over the same period. Comparisons of IVR reports with TLFB reports matched over the same intervals generally showed good to excellent correspondence [15] . At the end of the interviews, participants completed a brief computerized delay discounting task that assessed choices among hypothetical money outcomes [16] . The task is a behavioral measure of impulsivity and provides an index (k-parameter) of the rate at which individuals devalued future rewards. Participants also completed baseline time perspective questionnaires that assessed sensitivity to future outcomes [17, 18] , social network characteristics and support [19] , and HIV-related self-efficacy expectations [20] .
IVR Self-Monitoring
At the end of the baseline interviews, participants were trained to use the IVR system and received a workbook with the IVR questions and definitions of behaviors and events. They were assigned a personal identification number to access the system at any time using a toll-free 800 number, which was programmed using commercial software (SmartQ Version 5(5.0.141). Telesage, Inc., Chapel Hill, NC). The IVR protocol included a daily survey and a weekly survey administered each Monday. As summarized in Fig. 1 , the daily survey focused on the HIV risk behaviors of interest that are reported here. The weekly survey, which will be reported elsewhere, focused on weekly income and non-cash assets received; any medical care or institutionalization; and included 7-day recall checks on daily reports of key risk and protective variables. A health educator familiar with the sample reviewed all items to assure they were educationally appropriate (predominately 8th grade reading level) and culturally sensitive.
The daily survey assessed ounces of beer, wine, and liquor consumed; use of other illicit drugs or prescription drugs to ''get high''; and dollars spent on alcohol and other drugs during the preceding day (defined as the 24 h period midnight-to-midnight yesterday). When no alcohol or drug use was reported, participants answered questions about other activities on the preceding day to balance call duration (e.g., recreational or social activities).
The daily survey also asked about engagement on the preceding day in any sexual activity with a partner and, if so, the type of activity (with anal, oral, or vaginal sex queried separately), type of partner with whom each sex act occurred (main, non-main, or anonymous partner), other sexual risk behaviors (e.g., exchange of sex for money or goods; whether alcohol or drugs were used before or during each sex act), and protective behaviors (e.g., use of barrier protection). A day was scored as a ''risky sex day'' if participants reported sexual activity with multiple or anonymous partners, substance use before or during sexual activity, unprotected sex, or exchange of money or other goods for a sex act.
On average, the daily and weekly IVR surveys were each completed in less than 5 min. To promote IVR utilization, as in prior research participants accrued points for completing daily calls that were modestly reimbursed using an ''electronic bank'' [21] . Participants in the pilot and main studies could receive up to $85 or $190, respectively, for 100% call compliance over their 28-or 70-day IVR intervals. Among those who called the IVR at least once, pilot and main study participants earned a mean of $20 (range = $3-43) and $41 (range = $3-103.50), respectively. Accrued bank balances were paid at the end of the pilot study and after 5-and 10-weeks of the main study. Participants could call in missed reports to a staff member, but no payments were made for delayed reports.
Data Analysis
Based on their IVR utilization patterns, enrolled participants were categorized as (1) callers (n = 44) or noncallers (n = 10), depending on whether they ever called the IVR system; and (2) among callers, whether they were frequent (n = 22) or infrequent (n = 22) callers, based on whether they did or did not complete C 70% of scheduled daily calls, respectively. This cut-point was selected empirically because the biggest line of fracture in the cumulative percentage of IVR calls was between 60 and 71% (see Fig. 2 ); this also breaks the sub-sample of 44 callers at the median. One-way analyses of variance (ANOVAs) and Chi-square tests were used to identify variables that differentiated the caller/non-caller groups and the frequent/infrequent caller groups at the P B 0.10- level for further examination in a series of logistic regression analyses. Each model was restricted to one predictor and one outcome variable due to the limited sample size. Non-callers were the referent group in the first set of analyses concerned with IVR engagement, and infrequent callers were the referent group in the second set concerned with IVR utilization among the callers. Odds ratios (OR) based on a one standard deviation change in the predictor variable and associated 95% confidence intervals (CI) are reported for continuous variables to allow direct comparisons; dichotomous variables were not ztransformed.
To assess whether utilization of IVR SM over time had beneficial reactive effects in reducing risk behaviors, multilevel mixed longitudinal modeling procedures were conducted using SAS Proc Glimmix. Longitudinal trajectories were modeled separately for the three main risk behaviors of alcohol use, other drug use, and risky sexual practices using the subset of IVR callers. Each event record was treated as a statistical unit of analysis (level 1 unit), nested within each participant (level 2 unit), and the dependent variable was whether or not the risk behavior was reported on each day of IVR SM. The primary predictor variable was a time-varying cumulative indicator of how many days the participant had used the IVR SM system up to and including that particular call day. A baseline indicator of the number of days each risk behavior was reported on the initial TLFB interview (maximum possible = 89 days) was included as a time-invariant covariate (between-subjects effect). Estimates were obtained using the residual pseudo likelihood (RSPL) method, and a random effect was estimated for the level 2 intercept.
These longitudinal logistic regression models therefore predicted the likelihood of risky behavior on any given day based on (a) how many times previously each participant had called the IVR system, and (b) the frequency with which each participant had engaged in the risky behavior during the 3-months before IVR availability. If the odds ratio associated with the cumulative, time-varying, IVR call variable was significantly lower than the null value of 1.0, this indicated that the reported rate of the risky behavior decreased significantly over time as more IVR calls were made. Figure 2 presents the percentage of days that each of the 54 participants made their scheduled IVR calls, which adjusts for the different reporting intervals across the pilot and main studies. Call frequency was distributed across the entire range from 0 to 100%. Ten of 54 participants (two pilot, eight main study participants) did not start the IVR task and were categorized as non-callers; the remaining 44 participants who started IVR SM were categorized as callers. For the whole sample including callers and noncallers, the mean percentage of IVR call days was 50.2% (SD = 38.8), and the median was 42.9%. For the subset of callers (n = 44), the mean percentage of IVR call days was 61.6% (SD = 33.7), and the median was 65.7%. Table 1 presents descriptive statistics for the univariate analyses for the non-caller, infrequent, and frequent IVR caller groups. Table 2 summarizes the logistic regression results with effects P \ 0.10 that compared non-callers with callers (N = 54) and infrequent callers with frequent callers, excluding non-callers (n = 44).
Results
IVR Utilization
Predictors of IVR Utilization
Callers Versus Non-Callers
Duration of HIV/AIDS medical care (OR = 2.907, 95% CI = 1.067, 7.921, P = 0.037) and participants' self-efficacy expectations for negotiating safer sex practices (OR = 2.145, CI = 1.012, 4.546, P = 0.046) were both significant predictors of whether participants used the IVR system. A one standard deviation increase in care duration was associated with a 2.91-fold increase in the odds of calling the IVR, and a one standard deviation increase in negotiation self-efficacy was associated with a 2.15-fold increase in the odds of calling the IVR.
Sexual orientation and age were marginally significant predictors. Being of a sexual orientation other than heterosexual was associated with a 4.81-fold increase in the odds of calling the IVR compared to heterosexuals (OR = 0.208, CI = 0.040, 1.095, P = 0.064). Compared to those who never called, participants who called the IVR at least once were younger (OR = 0.494, CI = 0.229, 1.066, P = 0.072). A one standard deviation decrease in age was associated with a 2.02-fold increase in the odds of calling. There were no significant relationships with other demographic characteristics, including gender, race, and education, or with baseline substance use, sexual practices, social network characteristics, or impulsivity/time sensitivity variables.
Frequent Versus Infrequent Callers
A non-overlapping set of variables predicted call frequency among the subset of IVR callers. The strongest predictor was the overall amount of social support lost during the past year (OR = 0.435, 95% CI = 0.209, 0.906, P = 0.026). A one standard deviation decrease in the amount of support lost was associated with a 2.30-fold AIDS Behav (2012) 16:432-440 437 increase in the odds of being a frequent IVR caller (C 70% call compliance). Those who reported losing less social support and whose social networks were less diminished were more likely to be frequent callers.
There also was a marginally significant association between call frequency and the ZTPI present-hedonistic subscale (OR = 0.558, CI = 0.288, 1.079, P = 0.083). A one standard deviation decrease in endorsing a presenthedonistic time perspective was associated with a 1.79-fold increase in the odds of being a frequent caller.
Changes in Risk Behaviors as an Effect of IVR SM Utilization over Time
For the subset of callers, the mixed longitudinal logistic regression models predicted the likelihood of risky behavior occurring on a given day based upon the total number of days that each IVR participant had called as of that day. The number of days that each participant reported engaging in that behavior on the baseline TLFB for the 3 months before IVR SM began was also included as a time-invariant predictor. The mean number of baseline days was 11.14, 19.16, and 13.77 for risky sexual practices, drug use, and drinking, respectively. Based on these model results, risky sex and drug use other than alcohol were significantly reduced over time as more IVR SM calls were made. The odds of reporting risky sex acts decreased by 3.0% per IVR call day (OR = 0.970, 95% CI = 0.958, 0.981, P \ 0.0001), and the odds of reporting illicit drug use decreased by 1.3% per IVR call day (OR = 0.987, CI = 0.977, 0.998, P = 0.014). The odds of reporting alcohol use were not significantly altered as the number of IVR call days increased (OR = 0.998, CI = 0.988, 1.007, P = 0.63). On all three variables, the TLFB frequency of behavior significantly predicted the likelihood of reporting that behavior during IVR calls (risky sex: OR = 1.037, CI = 1.006, 1.068, P = 0.018; drug use: OR = 1.033, CI = 1.008, 1.059, P = 0.009; alcohol: OR = 1.034, CI = 1.00, 1.69, P = 0.049). These effects indicate that for each additional day that a behavior was reported on the baseline TLFB, the likelihood of that behavior being reported on an IVR call day increased by approximately 3.5%.
The predicted probabilities of risky sex, drug use, and alcohol use across the IVR interval were calculated based on the longitudinal logistic regression models. Mean-centered values were used for the time-invariant baseline TLFB predictors, and the predicted probabilities displayed in Fig. 3 for each risk behavior during the IVR interval are, therefore, estimated trajectories for the ''average'' participant.
Discussion
Although the appeal of the IVR system varied across participants, more than 80% of the sample used the system at least once to report HIV-related risk behaviors. Among callers, more than 60% of scheduled calls were made on average over the 4-or 10-week IVR intervals. These data supported the feasibility of IVR systems for use with disadvantaged adults living with HIV/AIDS in the rural South. Their overall utilization was similar to patterns observed for more advantaged samples [7, 14] . These findings add to evidence that IVR systems have appeal across diverse population segments, even though some individuals do not engage.
The variability in calling patterns highlights the importance of identifying predictors of IVR engagement and utilization. As predicted, participants who used the IVR system had received HIV-related medical care for more years and had higher self-efficacy for negotiating safer sex compared to those who never called. In addition to these significant effects, callers also tended to be younger and were not heterosexuals. These results suggested that patients with alternative sexual orientations who engaged in other forms of health care and self-protection also were more likely to use the IVR system.
A different set of variables predicted call frequency among the subset of IVR callers. Frequent callers had lost significantly less social support during the past year than infrequent callers. They also tended to be less impulsive, as reflected in lower scores on the present-hedonistic subscale of the Zimbardo Time Perspective Inventory, an effect that approached conventional levels of statistical significance. Relatively stable social contexts and lower impulsivity thus appear to be conducive to more frequent IVR use.
Although the logistic regression results generally revealed a coherent profile of the kinds of rural persons living with HIV/AIDS who did and did not find the IVR system appealing, the individual measures were not uniformly significant within different predictor variable domains. Replication studies with larger samples are needed to verify the identified domains. The limited sample size made it necessary to restrict each logistic regression model to one predictor and one outcome variable in order to have a viable participant-to-variable ratio, but the large number of bivariate analyses may have increased the overall probability for a few of the findings to be spurious. However, the limited sample also provided less power to test the relationships of interest due to larger standard errors and wider confidence intervals compared to what would have been obtained for the same effect sizes in larger samples. The present results, therefore, while preliminary and conservative due to the relatively small sample size, lay an intriguing foundation for further research and application on the use of IVR systems with persons living with HIV/AIDS. The study's second major set of analyses used repeatedmeasures observations across participants to evaluate the potential reactive effects of IVR SM on key risk behaviors.
These focused analyses were based on over 1,650 daily reports for the sample as a whole and showed beneficial reductions in two of three targeted risk behaviors as a function of making IVR calls. Risky sex and drug use in this HIV-positive group decreased over the IVR interval, and the decreases were positively related to the extent of IVR SM. A plausible explanation is behavioral reactivity from self-monitoring that specifically affects (i.e., reduces) the monitored behaviors, as found in other studies [7, 10] . In addition, baseline risk-taking behavior affected IVR reporting of all three risk behaviors. These effects were expected and showed that risk behavior reporting was consistent across adjacent time intervals using different data collection methods.
Alcohol use was not found to change over time due to self-monitoring. It is possible that the present participants did not view alcohol use as presenting the same degree of risk as illicit drug use and risky sexual behaviors, making alcohol use less affected by these self-monitoring and selfregulation mechanisms. Also, at least one study that observed decreases in drinking used much longer selfmonitoring intervals (up to 2 years) [22] . The present findings for drinking may be due to the relatively short time-frame of active self-monitoring.
These beneficial reductions in risky sex and drug use provide compelling support for further work using IVR systems with disadvantaged rural populations at-risk for or living with HIV/AIDS. However, the present study has limitations, in addition to the modest-sized sample, that merit caution and further investigation. First, although the longitudinal models suggested beneficial reactive effects of IVR SM on drug use and risky sex, the relationships observed were correlational and warrant further study by experimentally manipulating IVR access. Absent such research, it cannot be determined unequivocally if IVR SM reduced the risk behaviors, or whether there were other possible factors, such as changes in participants' life circumstances, that contributed to the reductions in drug use and risky sex.
Second, these results obtained with patients in a single rural clinic in the South should be generalized with caution to other rural settings and other populations of persons living with HIV/AIDS. Third, a minority of the enrolled sample did not use the IVR system much, if at all. Although some attrition and non-compliance were explained by participant circumstances (e.g., post-enrollment illness, death, moving away), predictors of IVR engagement need further study so that the service can be offered as part of an integrated assessment and intervention system to persons who will find it appealing.
Fourth, like many other IVR SM studies conducted over weeks and months [14, 21] , the present study used an electronic bank to modestly reimburse participants for making scheduled IVR calls. Whether similar results would be obtained without such payments needs investigation. Clinical applications that implement IVR-based assessments and interventions as part of an integrated system of care may need to consider other incentives (e.g., vouchers or lotteries as used in Community Reinforcement Approach applications) to promote utilization and obtain more continuous outcome data.
With these qualifications, the present study supported the utility of IVR systems as a platform for delivering telehealth risk-reduction interventions to hidden and hardto-reach populations living with or at risk for HIV disease. Phone access is nearly universal, even in rural areas, and IVR systems do not depend on caller literacy. The study suggested that IVR SM can facilitate positive changes in HIV-risk behaviors, including risky sex and drug use, even in the absence of other intervention components. IVR systems thus appear to have utility in a comprehensive risk reduction approach to HIV disease that spans medical, telehealth, and self-care applications. IVR systems can reach rural, disadvantaged, and other hidden populations living with chronic illness over long periods of time, and they can help monitor and reduce risk behaviors in such groups.
